INTRODUCTION
Echinococcus granulosus is considered one of the most significant parasitic infections in endemic areas throughout the world. This parasite is a causative agent of cystic hydatid disease, which can be transmitted between canines and numerous herbivorous livestock animals. 1 It is regarded an important global parasitic disease of humans and animals, and is endemic in Iran, where a variety of animals act as intermediate hosts. [2] [3] [4] Fasihi Harandi and others 5 estimated the annual surgical incidences of cystic echinococcosis (CE) in Iran with a rate of 1.27/100,000 population from 2000 to 2009. The average annual cost of CE in Iran was estimated at US$232.3 million (95% confidence interval = US$103.1-397.8 million), including both direct and indirect costs. 5 In this regard, diagnosis of the disease is still an important challenge due to the biology of the disease and lack of an authentic gold standard. Imaging techniques in humans such as magnetic resonance imaging or computed tomography cannot confirm the diagnosis of CE. In this regard, using World Health Organization international classification of ultrasound images of CE can be useful for diagnosis and staging of CE. Imaging techniques are usually sufficient for reliable diagnosis; however, they may sometimes be inconclusive. 1 Ultrasound technique cannot normally detect pulmonary echinococcosis. 6 Serological testing such as enzyme-linked immunosorbent assay (ELISA) can be used as complementary tests, which are usually based on the native antigen B or even hydatid cyst fluid prepared from metacestodes of E. granulosus. The main problems in the serodiagnosis of echinococcal diseases are the usually poor performance of the available tests and the difficulties associated with the standardization of antigenic preparations and techniques.
Nowadays, highly specific and sensitive antigens and antigenic constructs in serological tests are required and accurate interpretation of results is vital. 6, 7 Furthermore, the characteristics of the patient serums and the quality of the collected parasitic antigens can be effective on the efficiency of immunodiagnostic test that is used in human CE. 8 However, such procedures induce a considerable number of cross-reactions. Several recombinant antigens and synthetic peptides (combining several defined antigens) have shown potential for CE serodiagnosis in humans. [9] [10] [11] [12] On the other hand, the identification of infection in dogs is also important. A recombinant antigen, EPC1, an 8.5-kDa antigen from E. granulosus has been shown to be efficient in diagnosis of human hydatidosis. 11 Previously, we assess the sequence of EPC1 isolated from intermediate hosts, including sheep (G1 strain) and camel (G6 strain). The EPC1 sequence contains coding and noncoding regions and was compared between two predominant strains (G1 and G6) in Iran. Sequence polymorphism was not found in protein coding regions, suggesting that these regions may be useful for identification of protein expression as an antigen where the two strains are prevalent. 13 This study was designed to assess AU1 ;
the efficacy of rEPC1 AU2 antigen for the diagnosis of CE based on the strains and genotypes isolated from humans in Iran by ELISA. Therefore, sera of the most common human parasites were used in the assessment of rEPC1 cross-reactivity. Furthermore, our findings were compared with available commercial kit in Iran.
MATERIALS AND METHODS
Recombinant protein EPC1. rEPC1 was performed as previously reported. 14 from slaughterhouses around the Tehran Province and transferred to parasitology laboratory of Tehran University, Iran. Protoscoleces (G1 strain) were aspirated from cysts, pooled, and washed in phosphate-buffered saline (PBS-1%). Total RNA was extracted from protoscoleces by using an RNeasy mini kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. Then cDNA was synthesized by using RevertAid Reverse Transcriptase (Fermentas, Vilnius, Lithuania). The following sequences were selected for using the EPC1: forward primer 5′ ATGAGTCTTCAGAAAACT and reverse primer 5′ TTAGAAGAGAGCCATTAA (gene accession no: JF964264.1). The EPC1 gene of E. granulosus was amplified by polymerase chain reaction (PCR) product containing a band of 228 bp, digested with BamHΙ and EcoRΙ and, the expression plasmid vector pET28a was double digested with the same restriction endonucleases as mentioned above. The EPC1-PCR products were cloned into the (between BamHI and EcoRΙ site) pET28a vector by using rapid DNA ligation kit (Roche, Mannheim, Germany).
To produce rEPC1 proteins, the cloned plasmid containing the EPC1 was transformed into Escherichia coli BL21 (DE3) strain. Then colony PCR was used to confirm the successful construction of the recombinant expression plasmid EPC1/ pET28a. The recombinant plasmid extracted from transformed E. coli BL21 was digested by the restriction enzymes EcoRI and BamHI; also the sequencing result was used to confirm the desired construction of recombinant plasmid.
Expression and purification of rEPC1. Positive clones of recombinant plasmid pET28a were transformed into E. coli BL21 (DE3) strain and incubated overnight with shaking in Luria-Bertani medium containing kanamycin 1 mg/mL until an optical density (OD 650 ) of 0.5-0.6 was achieved. Expression of the recombinant protein was induced at 33°C for 6 hours in the presence of isopropyl-β-D-thiogalactoside at a final concentration of 0.5 mm. The recombinant plasmids led to the production of fusion proteins of 12.8 kDa. The recombinant His6-tagged EPC1 was purified by Ni-NTA agarose kit (Qiagen, Hilden, Germany).
Sodium dodecyl sulfate polyacrylamide gel electrophoresis analysis and Western blot analysis of recombinant antigen. Expression and purification of His6-tagged protein were checked by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE [12%]) and Coomassie Blue R-250 staining.
Western blot analysis was performed with T7 tag antibody at a 1:10,000 dilution (Thermo AU3 ;
Scientific) and HRP

AU4
-conjugated mouse anti-T7 tag at a 1:5,000 dilution. Finally, the positive reaction was developed by using DAB (3, 3′-diaminobenzidine) (Sigma AU5 Aldrich) as substrate under visual observation within 5 minutes. Moreover, Western blot analysis was performed with sera of human CE at a 1:200 dilution. HRP-conjugated rabbit anti-human IgG (Sigma-Aldrich) was used at a 1:101,000 dilution.
Serum samples. Sera were obtained from patients who were scheduled to undergo surgery in Velayat Hospital, Qazvin University of Medical Sciences, Iran, other sera were collected from different hospitals in Tehran. Sera from 25 healthy individuals were also included in this study as negative controls; the donors had no recent history of hydatidosis, and belonged to the age group of adolescents and children. Additionally, they were also screened for hydatidosis by commercial ELISA kit (Pishtaz, Tehran, Iran).
Thirty serum samples were obtained for assessing crossreaction of rEPC1 with other human proven parasites including 10 samples from patients with toxoplasmosis (Toxoplasma gondii chronic infection with IgG positive), 3 samples from patients with strongyloidiasis (Strongyloides stercoralis infection), 6 samples from patients with fascioliasis, 6 samples from patients with Visceral leishmaniasis, and 5 samples from patients with toxocariasis that were serologically confirmed by medical laboratories or clinically by research centers. All serum samples were stored at −30°C until use. All the samples were examined with available commercial ELISA kit based on the native antigen B (Pishtaz) to confirm that they were negative for CE. In this study, specificity and sensitivity values of ELISA based on rEPC1 were compared with a standard kit for all similar samples.
Indirect enzyme-linked immunosorbent assay. Briefly, 96-well polystyrenes microtiter plates were coated with 1 μg/ well of rEPC1 (in 100 μL volume) and diluted in 0.1 M carbonate/bicarbonate buffer (pH 9.6) for 13 hours at 4°C (Bora and others 2002) then rinsed with PBS Tween three times. Afterward, wells were blocked for 1 hour and 30 minutes at room temperature with a blocking solution (1% bovine serum albumin, 300 μL) in PBS-T. After three washes, 100 μL of diluted positive and negative sera was loaded into each well of the plates (at a dilution of 1:400 in PBS containing 0.1% Tween-20) and vibrated for 2 hours at room temperature. The plates were again washed three times in PBS-T and coated with 50 μ of antihuman conjugate at a dilution of 1:15,000 as the second antibody after incubating the plates for 1 hour on the vibrator in the dark. After rinsing, the plate was loaded with 100 μL TMB per well as substrate. The reaction was developed at room temperature and stopped with 50 μL/well of 1 N sulfuric acid (H 2 SO 4 ), and the absorbance was measured at 450 nm. The OD was registered at 490 nm (OD 490 ) after the addition of a stop solution (1 N H 2 SO 4 ). The cut off value 0.4 units of OD at 490 nm was calculated for ELISA. It is worth noting that ELISA tests were performed in triplicate in the assays.
Statistics. Sensitivity and specificity of the rEPC1 and commercial kit were calculated by using test results from confirmed CE patients by surgery as true positives. Blood donors and individuals infected by other parasites were taken as true negatives. Sensitivity and cross-reactive behavior were evaluated with 25 CE patients and 30 other parasitic sera. All statistical calculations were performed by using the software SPSS Version 16.0 for Windows (SPSS Inc., Chicago, IL).
RESULTS
Recombinant EPC1 antigen. Three bands of EPC1 present AU6
in the PCR product and a band of pET28a (+) are shown in Figure 2 ). The SDS-PAGE showed that the His-tagged EPC1 protein was expressed in BL21 cells (12.8 kDa; F3 Figure 3 ). In addition, the Western blot assay demonstrated a specific band of 12.8 kDa using T7 tag antibody ( F4 Figure 4 ). Sensitivity and specificity of ELISA. The sensitivity of rEPC1 was calculated to be 100% for the patients with CE and the control group, and the specificity was calculated for the serums without CE; however, it was done using the serum of other parasitic diseases (93.7%). Based on these findings, positive and negative predictive values and efficacy of rEPC1 were calculated as 92.6%, 100%, and 96%, respectively. Among the 25 CE serums used in this study, all of them react in total IgG ELISA with rEPC1; however, false-positive reactions were seen in two healthy serums and two sera pertaining to toxocariasis; also, the (1) AU8 toxocariasis serum reacted with commercial ELISA kit. Furthermore, one of the CE sera was negative with commercial ELISA kit. All samples were tested with a commercial kit and the results were compared with rEPC1 (Pishtaz), a sensitivity of 96.2% and specificity of 96.8% based on the native antigen obtained by commercial ELISA kit were obtained. The performance of rEPC1 was relatively good. However, the native antigen B from the commercial ELISA kit had better specificity than the rEPC1 protein while rEPC1 had better sensitivity. The difference in the performances of the two types of antigens was not significant when ELISA was used (P > 0.001).
DISCUSSION
Diagnosis of the CE is still an important challenge because of the biology of the disease and lack of a gold standard. Diagnosis is usually based on the native antigen B or even hydatid cyst fluid prepared from metacestodes of E. granulosus all over the world. It has been suggested that CE serology may be improved by using recombinant proteins. Several recombinant antigens and synthetic peptides have been used for CE serodiagnosis in humans. [9] [10] [11] [12] [15] [16] [17] [18] A highly antigenic protein, named EPC1, was characterized 3 CROSS-REACTIVITY OF REPC1 ANTIGEN OF E. GRANULOSUS must be removed and isolated from a protoscolex (larval) stage and is encoded by the EPC1 gene. 13, 17 Our previous study was aimed to assess the sequence of EPC1 isolated from different intermediate hosts of E. granulosus, including sheep (G1 strain) and camel (G6 strain). The EPC1 sequence contains coding and noncoding regions, which were compared between two predominant strains (G1 and G6) in Iran. Sequence polymorphism was not found in protein coding regions, suggesting that these regions may be useful sequences of protein expression as an antigen. 13 EPC1 protein displays high sequence, similar to a molecule from Taenia solium, the causative agent responsible for neurocysticercosis. However, Li and others 11 reported that the serological cross-reactivity was limited (about 9%), indicating that EPC1 has B cell epitopes not cross-reactive with antibodies in neurocysticercosis sera. Despite these interpretations, neurocysticercosis is not a hygiene problem in Iran. Moreover, Li and others 11 reported an overall sensitivity of 92.2% and an overall specificity of 95.6% for AU9 rEPC1-GST fusion protein that was an unprecedented result, and therefore, the most promising. In this study, overall sensitivity of 100% and overall specificity of 93.7 were observed. The present results indicate that the ELISA based on rEPC1 were slightly more sensitive than previous studies. It has been indicated that the rEPC1-GST antigen for the detection of specific IgG in ELISA show 92.2% sensitivity. 17 On the other hand, specificity of rEPC1 in this study can be interpreted as relatively acceptable; however, the number of used sera must be higher to detect the reliable specificity. Thus, this higher sensitivity cannot be attributed to specific variables. Using synthetic peptide with specific epitopes of EPC1 may lead to an increase in specificity.
From these studies, the specificity reported by Li and others 11 is relatively similar to the specificity found here for the rEPC1 antigen. Sensitivity of 100% and an overall specificity of 93.7%, in comparison with commercial ELISA kit (sensitivity of 96.2% and specificity of 96.8 based on the native antigen), indicates that native antigen B from the commercial ELISA kit had better specificity compared with the rEPC1 protein, whereas rEPC1 had better sensitivity.
Kalantari and others 8 in a study in Iran reported that commercial ELISA kit had better efficacy (100%) in comparison with the recombinant antigen B (92.3%), and found that it provided a sensitivity of 91.7% and specificity of 97.2% in ELISA when tested against a panel of sera.
In a study in Iran, a recombinant 12-kDa antigen B subunit from E. granulosus has shown a sensitivity and specificity of 96.0% and 97.0%, respectively; the corresponding results for the ELISA based on native antigen B (98.6%, and 100%) were slightly better. 19 In this study, there were no negative reactions among the 25 sera from the CE patients with rEPC1; however, false-positive reactions were seen in two healthy serums and two serums pertaining to toxocariasis, whereas one serum of toxocariasis reacted with commercial ELISA kit. Using IgG subclasses is one of the methods to improve CE serologic testing associated with the problem of specificity due to cross-reactivity with sera from patients with other parasites. Because of the association-specific response to antigens of E. granulosus, it can reduce cross-reactivity, whereas IgG4 recognizes antigen B or other immunomodulatory molecules; therefore, it would be a choice for serodiagnostic tests of complementary value associated with a total IgG assay. 12, [20] [21] [22] [23] [24] rEPC1 has a relatively promising performance in total IgG ELISA for the detection of antibodies in sera from patients with CE.
The limitation of this study is the number of used sera to detect the specificity of the test. We hope to improve the serum panel in future by collecting more sera.
Although the present results indicate that ELISA based on the native antigen B are at least as good as rEPC1, the preparation of the recombinant antigen in large scale is easier and more affordable than native antigen B. If it is adapted to produce a reliable and accurate method and high purification, it could be useful for the detection of CE in humans. Nevertheless, the current strategies for immunodiagnosis of CE require reappraisal. Studies must be conducted to standardize the techniques and antigenic preparations (large quantity, high purification), characterize new antigens, produce highly purified recombinant and synthetic peptide, and detect distinct Ig classes. 24, 25 Valiente-Gabioud and others 26 reported that an increase in the number of repetitive units of a specific Trypanosoma cruzi antigen could result in an enhanced antigenic response. Hernández-González and others 25 improved serodiagnosis of CE using repetitive units of antigen B. Currently, using synthetic peptides instead of native or recombinant antigens has been proposed for the diagnosis of infectious diseases, and is a perfect tool for analyzing the antigenicity of biological antigens. 25 Complicated structures of recombinant and native epitopes cause the cross-reactivity of epitopes with other paratopes. So far, transcriptomics approach, proteomics approach, and genomics approach have been used for designing synthetic peptides. Synthetic peptides mimic B-cell epitopes. 27 Using synthetic peptide with specific epitopes may lead to an increase in specificity.
